We adopted into RNA-sequencing technologies to construct the microRNA (miRNA) expression signature of head and neck squamous cell carcinoma (HNSCC). Our signature revealed that a total of 160 miRNAs (44 upregulated and 116 downregulated) were aberrantly expressed in cancer tissues. Expression of miR-150-5p (guide strand miRNA) and miR-150-3p (passenger strand miRNA) were significantly silenced in cancer tissues, suggesting both miRNAs act as antitumor 
INTRODUCTION
Despite advances in combination therapies involving surgery, radiotherapy, chemotherapy, and currently available molecular-targeted therapy for head and neck squamous cell carcinoma (HNSCC), the survival rate of patients with this disease has not improved [1] [2] [3] . HNSCC develops in the mucous membranes of the nasopharynx, oral cavity, oropharynx, larynx, and hypopharynx [4] . Among patients with HNSCC, hypopharyngeal squamous cell carcinoma is one of the most aggressive malignancies and has an extremely low survival rate due to the high rates of locoregional recurrence and distant metastasis [1, 5] . Control of cancer recurrence and metastasis may lead to improvement of HNSCC disease prognosis. Therefore, it is needed to improve our understanding of the molecular pathogenesis of HNSCC aggressiveness using current genomic-based strategies.
MicroRNAs (miRNAs) act as fine-tuners that regulate the expression control of protein-coding/proteinnoncoding genes by sequence depending manner [6] . A vast extent of studies have reported that dysregulation of miRNA expression is involved in the pathogenesis of human cancers, including HNSCC [7, 8] . As a unique nature of miRNA biogenesis, a single miRNA can control thousands of target RNAs [9] . Thus, identification of novel cancer networks mediated by dysregulated miRNAs may provide insight into the pathogenesis and treatment of cancer.
Current advanced genome-based technologies can identify abnormally expressed miRNAs in various types
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of cancer cells [10] . To identify differentially expressed miRNAs, we used clinical specimens to establish microarray-based, polymerase chain reaction (PCR)-based, and deep sequencing-based miRNA expression signatures [11] [12] [13] [14] [15] [16] [17] [18] [19] . From the HNSCC miRNA expression signature, we have identified the miR-29-family, miR-218, miR-451a, and the miR-26-family acted as antitumor miRNAs and their miRNAs mediated metastasispromoting pathways [13, 14, [20] [21] [22] .
In this study, we newly constructed the RNA sequencing-based miRNA expression signature of HNSCC using laryngeal and hypopharyngeal clinical specimens. Our present data showed that 160 miRNAs (44 upregulated and 116 downregulated) were aberrantly expressed in cancer tissues. Among the downregulated miRNAs, we focused on the dual strands of pre-miR-150, i.e., miR-150-5p and miR-150-3p, in the HNSCC signature. Both of these miRNAs were markedly reduced in HNSCC tissues, indicating that these miRNAs may act as antitumor miRNAs in HNSCC cells. However, the roles of these miRNAs and their targets in HNSCC cells are still unclear.
It is generally accepted in miRNA biogenesis that processing of the pre-miRNA through Dicer1 generates a miRNA duplex (a passenger strand and a guide strand). It is thought that guide strand of miRNA is incorporated into the RNA-induced silencing complex (RISC) to target messenger RNAs, whereas the passenger strand of miRNA is degraded and has not functioned regulatory activity in cells [23] [24] [25] . The aim of this study was to investigate the antitumor functions of both strands of pre-miR-150 (miR-150-5p and miR-150-3p) and to identify their targeted oncogenic genes and pathways in HNSCC cells. Elucidation of antitumor miRNA-mediated cancer networks may provide novel insights into the molecular pathogenesis of HNSCC.
RESULTS
Sequencing of small RNAs and construction of the miRNA expression signature of HNSCC
To prepare the miRNA expression signature of HNSCC, we performed small RNA sequencing of 6 HNSCC samples (Table 1) . Initially, 12,180,452 to 24,845,427 raw sequence reads were analysed for the small RNA libraries (Supplementary Table 1 ). After filing and trimming of the sequenced reads, from 5,690,747 to 15,951,587 locations aligned uniquely and multiply matched reads were obtained (Supplementary Table 2 ). All of the sequenced reads (larger than 19 nucleotides) were assigned on the human genome, and these human genome-matched sequenced reads were divided into small RNAs according to their biological features (Supplementary Table 3) .
In this study, a total of 116 downregulated miRNAs and 44 upregulated miRNAs were detected from aligned reads using R program (Table 2 and Supplementary Tables  4A and 4B) .
Expression levels of miR-150-5p and miR-150-3p in HNSCC clinical specimens and cell lines
The stem-loop sequence of miR-150 and the mature sequences of miR-150-5p and miR-150-3p are shown in Supplementary Figure 1A . Database (http://www.mirbase. org/) indicates that miR-150-5p is recognized as a guide strand and miR-150-3p as a passenger strand.
Expression levels of miR-150-5p and miR-150-3p in HNSCC tissues (n = 22), normal epithelial tissues (n = 22), and three HNSCC cell lines (including FaDu, SAS and HSC3 cells) were evaluated. Clinical features of patients with HNSCC are summarised in Table 1 . The expression levels of miR-150-5p and miR-150-3p were markedly lower in tumor tissues and HNSCC cell lines than in normal epithelial tissues (P = 0.0048 and P = 0.0027, respectively, Figure 1A ). Spearman's rank tests showed positive correlations between the expression of miR-150-5p and miR-150-3p (R = 0.626 and P < 0.0001; Figure 1A) .
A large cohort analysis (n = 330) using data from the TCGA database revealed that low expression of miR-150-5p and miR-150-3p predicted the overall survival of HNSCC patients (P = 0.0091 and p = 0.0386, respectively; Figure 1B ).
Both strands of miRNAs (miR-150-5p and miR-150-3p) incorporated into RISC in SAS cells
We hypothesized that passenger strand of miR-150-3p might be incorporated into the RISC and functioned in cancer cells. We performed immunoprecipitation with antibodies targeting Ago2, which plays a central role in the RISC. After transfection with miR-150-5p or miR-150-3p, Ago2-bound miRNAs were isolated, and RT-qPCR was carried out to determine whether miR-150-5p and miR-150-3p bound to Ago2 (Supplementary Figure 1B) .
After transfection with miR-150-5p and immunoprecipitation by anti-Ago2 antibodies, detection level of miR-150-5p was significantly higher than those of mock-or miR-control-transfected cells and those of miR-150-3p-transefected SAS cells (P < 0.0001; Supplementary Figure 1C ). Likewise miR-150-5p transfection, miR-150-3p was detected by Ago2 immunoprecipitation (P < 0.0001; Supplementary Figure 1C ).
Ectopic expression effects of miR-150-5p and miR-150-3p in HNSCC cell lines
The anti-tumor roles of miR-150-5p and miR-150-3p were in investigated by using mature miRNA transfection into cancer cell lines, FaDu, SAS and HSC3.
Cancer cell proliferations were inhibited by transfected with miR-150-5p or miR-150-3p in comparison with mock or control transfectants (*P < 0.0001, **P < 0.0005, respectively; Figure 1C ). Migration www.impactjournals.com/oncotarget activities were significantly suppressed after transfection with miR-150-5p or miR-150-3p (P < 0.0001, Figure 1D ). Similarly, invasion assays showed that transfection with miR-150-5p or miR-150-3p significantly suppressed cell invasion activity (P < 0.0001; Figure 1E ). Synergistic effects of miR-150-5p and miR-150-3p were investigated by proliferation and migration assays with co-transfection of miR-150-5p and miR-150-3p in FaDu cells. There were no apparent synergistic effects following co-transfection with these miRNAs (Supplementary Figure 2A and 2B).
Identification of putative target genes regulated by both miR-150-5p and miR-150-3p in HNSCC cells
To identify putative target genes coordinately regulated by miR-150-5p and miR-150-3p, we performed applied to combination of in silico analyses, oligomicroarray expression analyses, and Gene Omnibus database (GEO) analyses. Our strategy for selection of putative target genes that were coordinately regulated by miR-150-5p and miR-150-3p is shown in Figure 2A .
The TargetScan database (release 7.0) showed that 6,410 and 2,558 genes had putative target sites for miR-150-5p and miR-150-3p, respectively. First, we analysed genome-wide gene expression assays using FaDu cells (GEO accession number: GSE82108). A total of 1,987 and 849 genes were downregulated in miR-150-5p and miR-150-3p transfectants, respectively, and had putative binding sites in their 3′-UTRs. Next step, to evaluate upregulated genes in clinical HNSCC samples (GEO accession number: GSE9638). We identified 1,257 and 525 genes as putative target genes for miR-150-5p and miR-150-3p, respectively, in HNSCC cells.
Finally, we categorised these putative target genes into Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways using the GeneCodis database, and 52 and 5 pathways were listed as putative miR-150-5 and miR-150-3p regulated pathways (Tables 3 and 4) . Among these pathways, we focused on the focal adhesion pathway because both miR-150-5p and miR-150-3p markedly inhibited cancer cell migration and invasion ( Figure 1D and 1E). Five genes (TNC, ITGA3, ITGA6, CAV2, and XIAP) were found to be regulated by both miR-150-5p and miR-150-3p in this pathway (Tables 5 and 6) .
We next performed qRT-PCR analyses of 3 HNSCC cell lines to investigate whether restoration of miR-150-5p or miR-150-3p expression altered the mRNA expression of these 5 genes. The mRNA expression levels of these 5 candidate genes are shown in Figure 3A and Supplementary Figure 3A . Among 5 genes, we focused on ITGA3, ITGA6, and TNC genes because aberrant integrinmediated signalling promoted cancer cell aggressiveness according to our previous studies [21, 22, 26] . Moreover, two genes CAV and XIAP have been involved in cancer pathogenesis including HNSCC by past studies [27] [28] [29] [30] . The analysis of the expression control of these two genes by miRNAs is important theme.
Regulation of ITGA3, ITGA6, and TNC expression by miR-150-5p and miR-150-3p in HNSCC clinical specimens and HNSCC cells
Next, we investigated the mRNA expression levels of ITGA3, ITGA6, and TNC in 22 HNSCC clinical specimens by qRT-PCR. ITGA3, ITGA6, and TNC were significantly upregulated in HNSCC tissues (P = 0.0004, P = 0.0023, and P = 0.0063, respectively; Figure 2B ). Spearman's rank tests showed a negative correlation between the expression levels of these 3 genes and miR-150-5p (P = 0.001, P = 0.0029, and P = 0.0004, respectively; R = -0.503, R = −0.455, and R = −0.542, respectively; Figure 2C ) and between the expression of these 3 genes and miR-150-3p (P = 0.0081, P = 0.0185, and P = 0.0068, respectively; R = -0.404, R = -0.359, and R = −0.413, respectively; Figure 2D ).
Next, we investigated whether ITGA3, ITGA6, and TNC expression was reduced by restoration of miR-150-5p and miR-150-3p in HNSCC cells. Expression levels of these 3 genes were markedly repressed in miR-150-5p and miR-150-3p transfectant cells compared with that in mocktransfected cells ( Figure 3A and 3B) .
The synergistic effects of miR-150-5p and miR-150-3p were evaluated the mRNA expression levels of ITGA3, ITGA6, and TNC with co-transfection of miR-150-5p and miR-150-3p in FaDu cells. However, no synergistic effects were observed (Supplementary Figure 3B) .
Immunohistochemical detection of ITGA3, ITGA6 and TNC in HNSCC clinical specimens
We also examined the expression levels of ITGA3, ITGA6 and TNC in HNSCC clinical specimens by immunohistochemical staining. ITGA3 and ITGA6 were strongly expressed in several cancer tissues (Figure 4) . TNC was moderately expressed in cancer lesions ( Figure 4 ). While low expression was observed in noncancerous regions (Figure 4 ).
Effects of ITGA3, ITGA6, and TNC knockdown on cell proliferation, migration, and invasion in FaDu cells
To investigate the oncogenic functional of ITGA3, ITGA6, and TNC in FaDu cells, we applied to loss-offunction assays using siRNAs. First, we evaluated the knockdown efficiency of si-ITGA3, si-ITGA6, and si-TNC transfection in FaDu cells. Knockdown efficiencies of siRNAs, si-ITGA3, si-ITGA6, and si-TNC were shown in Figure 5A and 5B. Cancer cells proliferations were significantly reduced in si-ITGA3-1 and si-TNC transfectants in comparison with that in mock-transfected FaDu cells ( Figure 5C ). In contrast, proliferation was not inhibited in FaDu cells transfected with si-ITGA3-2 and si-ITGA6. Migration activities were significantly suppressed in si-ITGA3, si-ITGA6, and si-TNC transfectants in comparison with that in mock-transfected FaDu cells ( Figure 5D ). As like as migration assays, invasion activity was significantly inhibited in si-ITGA3, si-ITGA6, and si-TNC transfectants in comparison with that in mock-transfected FaDu cells ( Figure 5E ).
Clinical significance of ITGA3, ITGA6, and TNC expression in HNSCC
To investigate the clinical significance of ITGA3, ITGA6, and TNC in HNSCC, we analysed their associations with tumor stage and lymph node stage using the TCGA-PRAD database. The mRNA expression levels of ITGA3, ITGA6, and TNC were significantly upregulated in HNSCC clinical samples ( Figure 6A ).
Heatmap visualization of gene expression showed all gene pairs among three genes expression pattern (mRNA Z-score > 0) show significant co-occurrence ( Figure 6B) .
Next, to examine whether the expression levels of these genes predicted overall survival, patients were divided into two groups: Z-score > 0 and Z-score ≤ 0. Higher ITGA3, ITGA6, and TNC expression levels were associated with shorter overall survival (P = 0.0177, P = 0.0237, P = 0.026, respectively; Figure 6C ). Details of mRNA expression z-scores are described in Figure 7A . The distributions of ITGA3, ITGA6, and TNC genomic copy number variations are shown in Figure 7B and 7C.
Multivariate Cox proportional hazards models were used to assess independent predictors of progression-free survival, including expression level of the gene (Z score > 0 versus Z score ≤ 0), tumor stage (T3 and T4 versus T1 and T2), lymph node stage (N+ versus N-), age at diagnosis (> 60 years versus ≤ 60 years), histologic grade (G3 and G4 versus G1 and G2), and sex (male versus female). High ITGA3 expression was a significant prognostic factor in patients with HNSCC (hazard ratio [HR] = 1.485, 95% confidence interval [CI] = 1.082-2.035, P = 0.0146; Figure 6D ). Likewise, high ITGA6 expression (HR = 1.437, 95% CI = 1.043-1.975, P = 0.0268) was a significant prognostic factor ( Figure 6D) . Furthermore, the expression of ITGA3, ITGA6 and TNC genes were significantly higher in the T3 and T4 group than in the T1 and T2 group (HR = 2.063, HR = 2.133, HR = 2.083, respectively; P < 0.0001; Figure 6D ).
From the data of the TCGA database, the expression level of miR-150-5p and miR-150-3p were extracted for each TNM stage and T stage. The expression level of miR-150-5p and miR-150-3p was significantly decreased in advanced cases. The expression level of miR-150-5p and miR-150-3p were significantly decreased in advanced T stage cases (Figure 8 ).
DISCUSSION
The control of intercellular protein-coding/ noncoding RNA expression is tightly regulated by miRNA [6] . Therefore, dysregulation of miRNAs can profoundly impact normal cell physiology and enhance oncogenesis. Identification of oncogenic and antitumor miRNAs has led us to elucidate novel miRNAmediated cancer networks. We have sequentially obtained the miRNA expression signatures of several types of cancers and used these signatures to identify antitumor miRNA-mediated cancer pathways [11] [12] [13] [14] [15] [16] [17] [18] [19] 31] . Deep sequencing technology can be used to illuminate the miRNA expression signatures of cancer cells. In this study, we created deep sequencing-based miRNA expression signatures using laryngeal and hypopharyngeal squamous cell carcinoma clinical specimens. Our signature included several antitumor miRNAs (miR-375, miR-133a, and miR-1 etc.) that had been identified in human cancers in previous studies [32] [33] [34] [35] [36] [37] [38] [39] [40] , suggesting that our present signature was effective for identification of novel oncogenic and antitumor miRNAs in HNSCC cells and may provide a benchmark for future studies of HNSCC. Interestingly, our present signature revealed that both strands of pre-miR-150, i.e., miR-150-5p and miR-150-3p were significantly downregulated in this signature. Our recent studies demonstrated that both strands of pre-miR-144 (miR-144-5p: guide strand and miR-144-3p: passenger strand) and pre-miR-145 (miR-145-5p: guide strand and miR-145-3p: passenger strand) inhibited cancer cell aggressiveness [41] [42] [43] . These findings suggested that passenger strand of miRNAs had antitumor function in several cancer cells. Therefore, we focused on miR-150-5p and miR-150-3p and investigated the antitumor functional of these miRNAs in HNSCC cells.
Our present data demonstrated that both miR-150-5p and miR-150-3p were significantly reduced in cancer tissues, and ectopic expression of each miRNA markedly inhibited cancer cell aggressiveness. These data indicated that both strands of miR-150-5p and miR-150-3p functioned as antitumor miRNAs in HNSCC cells. Past studies have reported the aberrant expression of miR-150-5p in various cancers, suggesting that this miRNA contributes significantly to cancer pathogenesis [44] . However, the expression status of miR-150-5p was varied according to cancer type, indicating that miR-150-5p was a multifunction molecule with both oncogenic and antitumor functions depending on the cancer type [44] . In contrast, the functional significance of miR-150-3p in human cancer is still unclear. Our present study is the first report demonstrating that miR-150-3p acts as an antitumor miRNA, similar to miR-150-5p, in HNSCC cells.
Molecular mechanism of silencing of miR-150-5p and miR-150-3p in HNSCC cells is still obscure. To investigate these miRNAs expression and DNA methylation, SAS cells were treated with the demethylating agent (5-aza-dC) . Expression of miR-150-5p was significantly elevated after 5-aza-dC treatment (Supplementary Figure 4) . On the other hand, expression of miR-150-3p was slightly upregulated by 5-aza-dC treatment (Supplementary Figure 4) . These data suggested that DNA methylation might be contributed to silencing of miR-150-5p and miR-150-3p in HNSCC cells.
We also evaluated the roles of miR-150-5p and miR-150-3p in regulating genes and pathways in HNSCC cells. We hypothesised that miR-150-5p and miR-150-3p may coordinately regulate target genes associated with HNSCC pathogenesis. To identify miRNA-regulated targets and pathways, we applied in silico and gene expression analyses, as described in our previous studies [13] [14] [15] [16] [17] 41] . Here, we identified 5 putative candidate genes involved in the focal adhesion pathway (TNC, ITGA3, ITGA6, CAV2 , and XIAP) that were regulated by both miR-150-5p and miR-150-3p in HNSCC cells. Among these genes, our previous studies demonstrated that ITGA3, ITGA6, and CAV2 were overexpressed in cancer tissues and associated with cancer cell migration and invasion [22, 26, 28] .
Moreover, ITGA3, ITGA6, and CAV2 have been shown to be directly regulated by antitumor miRNAs, i.e., miR-223, miR-29s, and miR-218, respectively [22, 26, 28] . In this study, we focused on TNC and investigated its functional roles in HNSCC.
TNC is a multifunctional extracellular matrix (ECM) glycoprotein composed of several distinct domains [45] . Expression of TNC in adult tissue is restricted, except in the context of inflammation and tissue injury [45] . Cancer cells and corresponding stromal cells also exhibit TNC expression, and high expression of TNC has been reported in several cancers [45] [46] [47] . Overexpression of TNC induces ECM deposition, and aberrant activation of ECMmediated signalling promotes cancer cell aggressiveness, and the epithelial-mesenchymal transition (EMT) [45] [46] [47] . Several studies have demonstrated that TNC binds directly to integrins, and TNC/integrin-mediated signalling contributes to embryonic development, tissue repair, and cancer pathogenesis [46, 48] . Our previous studies showed that overexpression of ITGA6/B4 and ITGA3/B1 was involved in cancer cell migration and invasion in HNSCC and prostate cancer [22, 26] . Moreover, a recent study From the data of the TCGA database, the expression level of miR-150-5p and miR-150-3p was significantly decreased in advanced cases and advanced T stage cases. *P < 0.05, **P < 0.01. showed that ITGA6 is a hypoxia-inducible factor (HIF)-dependent transcriptional target gene and that ITGA6 expression is an independent prognostic factor in patients with breast cancer [49] .
Our large cohort study using TCGA datasets indicated that the expression levels of ITGA3, ITGA6, and TNC were upregulated in cancer tissues. Furthermore, Kaplan-Meier survival curves revealed that high expression of these genes predicted poorer survival in patients with HNSCC. Our functional study showed that silencing of ITGA3, ITGA6, and TNC inhibited HNSCC cell migration and invasion. Metastasis is responsible for most of the mortality in patients with HNSCC. Therefore, activation of TNC/ integrin receptor-mediated signalling may be a putative target in cancer treatment.
In conclusion, downregulation of dual strands of pre-miR-150 (miR-150-5p and miR-150-3p) was detected by deep sequencing-based miRNA signature analysis. The antitumor functions of these miRNAs coordinately regulate focal adhesion pathway-related genes in HNSCC cells. The expression of ITGA3, ITGA6, and TNC is involved in HNSCC pathogenesis. Identification of novel cancer networks mediated by aberrantly expressed miRNAs and antitumor miRNAs may improve our understanding of HNSCC molecular pathogenesis. Our newly created deep sequencing-based miRNA signature provides a basis for further HNSCC research.
MATERIALS AND METHODS
Clinical HNSCC specimens, cell lines, and RNA extraction A total of 22 clinical tissue specimens were collected from patients with HNSCC who underwent surgical resection at Chiba University Hospital between 2008 and 2014. Clinicopathological features of patients with HNSCC are summarised in Table 1 . All patients in this study provided informed consent, and the study protocol was approved by the Institutional Review Board of Chiba University.
Three human HNSCC cell lines, i.e., FaDu, SAS and HSC3, were investigated in this study. All cell lines were obtained from RIKEN Cell Bank (Tsukuba, Ibaraki, Japan).
Total RNA, including miRNA, was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
Small RNA deep sequencing and data mining
To obtain the miRNA expression signature, we carried out high-throughput deep sequencing using Genome Analyzer IIx (Illumina, CA, USA) with 6 pairs of tumor and normal samples ( Table 1 ). The procedures of small RNA sequencing and data mining were performed as described in our previous studies [16] .
Quantitative real-time reverse transcription PCR (qRT-PCR)
PCR quantification was carried out essentially as previously described [14, 32, 38, 50] . To quantify the expression level of miRNAs, we utilised stem-loop qRT-PCR for miR-150-5p (assay ID: 000473; Applied Biosystems, Foster City, CA, USA) and miR-150-3p (assay ID: 002637; Applied Biosystems) following the manufacturer's protocol. TaqMan probes and primers for ITGA3 (Hs01076873_m1; Applied Biosystems), ITGA6 (Hs01041011_m1), TNC (assay ID: Hs01115665_m1), CAV2 (Hs00184597_m1), and XIAP (Hs00745222_s1) were assay-on-demand gene expression products. mRNA and miRNA data were normalised to human GUSB (assay ID: Hs99999908_m1; Applied Biosystems) and RNU48 (assay ID: 001006; Applied Biosystems), respectively.
Transfection of miRNA mimic and small interfering RNA (siRNA) into HNSCC cells HNSCC cells were transfected with miRNA mimics for gain-of-function experiments and siRNAs for lossof-function experiments. Pre-miR miRNA precursors (miR-150-5p, P/N: PM10070; miR-150-3p, P/N: PM12324; and negative control miR, P/N: AM17111; Applied Biosystems) were used in these assays. The following siRNAs were used in this study: stealth select RNAi siRNA, siITGA3 (P/N: HSS105531 and HSS179967; Invitrogen), siITGA6 (P/N: HSS179958 and HSS179959), and siTNC (P/N: HSS105145 and HSS105147). For transfection, RNAs were incubated with OPTI-MEM (Invitrogen) and Lipofectamine RNAiMax reagent (Invitrogen), as previously described [14, 32, 38, 50] .
Cell proliferation, migration, and invasion assays
Cell proliferation, migration and invasion assays were described previously [14, 32, 38, 50] .
Incorporation of miR-150-5p or miR-150-3p into RISC by Ago2 immunoprecipitation SAS cells were transfected with 10nM miRNA by Reverse transfection. After 48h, immunoprecipitation was performed using a microRNA isolation kit, Human Ago2 (Wako, Osaka, Japan) according to the manufacturer's protocol. Expression levels of miR-150-5p or miR-150-3p were measured by RT-qPCR methods. Detection of miRNA data were normalized to the expression of miR-26a (assay ID: 000404; Applied Biosystems), which was not affected by miR-150-5p and miR-150-3p. miR-150-5p and miR-150-3p in HNSCC cells Specific genes regulated by miR-150-5p and miR-150-3p were identified by a combination of in silico and genome-wide gene expression analyses. Genes regulated by miR-150-5p and miR-150-3p were listed using the TargetScan database. Oligo microarray (Agilent Technologies; Human GE 60K) was used for gene expression analysis. The microarray data were deposited into GEO (http://www.ncbi.nlm.nih.gov/geo/), with accession number GSE82108. Upregulated genes in HNSCC were obtained from publicly available data sets in GEO (accession number: GSE9638). To identify signalling pathways regulated in silico, gene expression data were analysed using the KEGG pathway categories with the GeneCodis program.
Identification of putative genes regulated by
Immunohistochemistry
The formalin-fixed paraffin-embedded (FFPE) tissues were used. The patients' backgrounds and clinicopathological characteristics are summarized in Table 1 . Tissue sections were incubated overnight at 4°C with anti-ITGA3 antibodies diluted 1:100 (HPA008572; Sigma-Aldrich), anti-ITGA6 antibodies diluted 1:100 (HPA012696; Sigma-Aldrich) and anti-ITGA3 antibodies diluted 1:50 (#SC-20932; Santa Cruz Biotechnology). The procedure for immunohistochemistry was described previously [26, 32] .
Western blotting
Immunoblotting was performed with rabbit anti-ITGA3 antibodies (1:250 dilution, HPA008572; SigmaAldrich, St. Louis, MO, USA), anti-ITGA6 antibodies (1:500 dilution, HPA012696; Sigma-Aldrich), and anti-TNC antibodies (1:400 dilution, #sc-20932; Santa Cruz Biotechnology, Dallas, TX, USA); anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibodies (1:1000 dilution, ab8245; Abcam, Cambridge, UK) were used as an internal control. The procedures were described in our previous studies [14, 32, 38, 50] .
The cancer genome atlas (TCGA) database analysis of HNSCC specimens
The clinical significance of ITGA3, ITGA6, and TNC in HNSCC was assessed by RNA sequencing and by using a putative copy number variation (CNV) database (predicted by the GISTIC algorithm) in HNSCC-TCGA (http:// cancergenome.nih.gov). The genomic and clinical data were retrieved from cBioportal (http://www.cbioportal.org/) [51] or UCSC Cancer Browser (https://genome-cancer.ucsc.edu/ proj/site/hgHeatmap/) [52] , which were downloaded on June 17, 2016. Specimens with alterations in ITGA3, ITGA6, and TNC and specimens without alterations were analysed by Kaplan-Meier survival curves and log-rank statistics. Heatmap of gene expression was generated by cBioportal. The P-values and log odds ratio of co-occurrence are determined by Fisher's exact test. Detail information on the method is described in previous paper [51] .
Statistical analysis
Relationships between expression values in 2 conditions or variables were analysed using the MannWhitney U test or Bonferroni-adjusted Mann-Whitney U test. Spearman's rank test was used to evaluate the correlations between the expression of miR-150-5p or miR-150-3p and target genes. We used Expert StatView software (version 5.0 SAS Institute Inc., Cary, NC, USA) for these analyses.
ACKNOWLEDGMENTS AND FUNDING
This study was supported by the KAKENHI (C), 16K20229, 15K10800, 15K10801, 25462676, and 26462596.
